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Srr: I have the honor to transmit herewith a manuscript entitled 
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accompanying the manuscript are necessary for its proper illustration. 
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HOW TO GROW AND PLANT CONIFERS IN THE NORTH- 
HASTERN STATES. 


INTRODUCTION. 


During the past ten years there has been a growing interest in 
forest planting in the northeastern United States and an increasing 
realization of the need of reforesting waste lands whose greatest value 
lies in the production of timber. A greater amount of forest planting 
is being done each year, and there is a demand for more specific 
information about the growing and planting of conifers, and par- 
ticularly of white pine. 

The information in this bulletin is derived from seven years of 
nursery and planting operations at the New York state nurseries in 
the Adirondacks and from studies of planting in New England. 
With slight modification these results may be applied to nursery 
practice and planting in New England, New York, the Lake States, 
and the mountainous portion of Pennsylvania. 


PROCURING THE SEED. 


The seeds of coniferous trees are contained in a cone, sometimes called 
a ‘‘burr”’ or a ‘‘bud,’’ which varies in size and other characteristics 
according to species. This cone is composed of scales arranged spirally 
around a central axis, and the seeds are located at the base of the 
scales on the upper side, usually two to a scale. When the cones are 
green the scales are closed tightly, but on maturing they usually open 
and liberate the seeds. Seed may be procured by purchase or by 
collecting the cones and extracting the seed. Too much emphasis 
can not be laid on the importance of securing seeds of the highest 
quality, because no matter how painstaking all other parts of nursery 
practice may be, if poor seeds are used good results can not be secured. 


PURCHASE. 


Most persons who plan to raise conifers will purchase seed. Care 
should be taken to buy from reliable dealers. Unfortunately, seed is 
usually bought and sold without any guaranty as to quality or purity, 
though it is generally true to name. The forest-tree seed business in 
the United States is somewhat new, but is rapidly growing. Dealers 
generally do not gather seed, but buy it from collectors. Some 
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companies have their own collectors in many parts of the world, and 
thus are able to offer a very wide range of kinds from which seeds 
may be selected. A collector handles seed that grows only in his 
particular locality; he generally sells it at a reasonably low price, and 
usually may be depended upon to have a fresh supply. 

In buying seed it is an excellent plan to’ ask for a sample and 
to request the dealer to guarantee the seed he sells to be equal to 
sample. A quick and fairly satisfactory test of samples can be 
made as follows: Count out 100 or 200 seeds, cut them open with 
a sharp knife, count the empty seed shells, note whether the seeds 
are well filled and contain embryo, and see if they yield much or little 
oil when crushed. Plumpness and a large amount of oil in the seeds 
are indications of good quality. The number of good seeds per 
hundred will be a guide as to the quality of the seed, though the 
actual germination per cent will be lower than that shown by the cut- 
ting test. 

Purchase is advised for those who need only a small quantity of 
seed or for those who are not near a region where seed may be col- 
lected; or perhaps the desired seed can not be collected in the home 
district in a particular year. Orders for seed should always be placed 
early, so that the desired quantity may be secured, since seed crops 
often are light and many buyers are likely to be disappointed. 

Seed prices vary according to the size of the year’s crop. In 
general, when prices are below the average, seed is plentiful and 
usually of good quality; but when seed is scarce and prices are above 
the average the quality is likely to be poor. 

The locality where the seed has been collected should be ascer-- 
tained and an endeavor made to secure seed grown in a climate similar 
to that of the region where the trees are to be planted. Seed from the 
South planted in a northern region are likely to produce seedlings that 
are not hardy, but northern seeds can be used in the South with good 
results. Seed selection is important, and seed from vigorous trees is 
better than that from scrubby specimens. These points are hard to 
determine by the purchaser, but if information is insisted upon it is 
hkely that the seed trade will soon adopt the highest standards, and 
that reliable collectors and dealers who do their best to supply perfect 
seed will have the most remunerative trade, and others will therefore 
find it to their advantage to adopt the same high standard. 


COLLECTION. 


Granted ample opportunities, facilities, and time, tree-seed collect- 
ing may be satisfactory and profitable, but unless the work receives 
the most careful attention no decided advantage will be gained. 
Many persons may desire to collect seed for their own use, and, if the 
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work is properly done, better seed can be collected than bought. 
Yet there are many elements affecting the quality of seed, and these 
should be thoroughly understood before collecting is undertaken. 


SECURING CONES. 


While it is most important to gather cones at the proper time, no 
specific rule can be given nor definite time stated, because there is such 
wide variation. Drought in August will delay the maturing of white 
pine several weeks, while a warm, wet August hastens the ripening of 
seed and shortens the period of collecting. If cones are collected 
before the seeds are fully developed there will be a low germination 
per cent and weak seedlings; yet if collecting is delayed too long the 
cone scales open and part or all of the seeds escape. Before collecting 
begins the cones should be examined to see whether the seeds have 
commenced to harden. The best method is to open a number of 
cones and to examine the seeds carefully. A brownish color of the 
cones is a good indication of ripening; yet many cones which are green 
have ripe seeds, because only those directly exposed to the sun’s rays 
become brown in the fall. Cones produced on trees in the open 
mature earlier than those in dense woods, and on a south exposure 
earlier than on a north slope. 

The method described below has been used for several years in col- 
lecting large quantities of the seed of conifers, such as white pine, pitch 
pine, red or Norway pine, jack pine, red or Adirondack spruce, white 
spruce, hemlock, balsam, and arbor vite or white cedar. 

To get good cones it is necessary to climb the trees and pick before 
the scales open, or to gather fresh cones that the squirrels have bitten 
off. Squirrels’ hoards sometimes contain as much as several bushels, 
and the seed is usually good. Trees that grow in the open produce 
more cones than those in dense woods. Moreover, trees in the open 
have branches near the ground, which facilitates climbing. Cones 
can be gathered cheaply from trees felled in lumbering. 

It is slow work to pick cones of hemlock and white cedar, because 
they are very small. An instrument used in picking blueberries is 
very useful with these two species. It is a small hand-shaped tool 
with finger-like teeth, which allow the branches to slp through, but 
tear off the cones. Red spruce cones usually can be collected from 
felled trees on a lumberjob. A rapid way to collect cones from felled 
trees is to hold a pail between the knees and pull the cones off into 
it. Cones of spruce, hemlock, and white cedar should be free from 
leaves and dirt. Scotch pine and Norway spruce can not be col- 
lected in quantity in this country, since they are not native, and only 
isolated specimens, here and there, are old enough to bear seed. 
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EXTRACTING THE SEED. 


Cones must be dried, either naturally or artificially, to open the 
scales so that the seeds may be extracted. In large operations it is 
not practical to spread cones in the sun to dry, because rain is likely 
to offset all the advantages gained by previous drying. 

If, for a special purpose, a large quantity of seed is required, a tem- 
porary structure will suffice for a drying shed; but if an annual sup- 
ply is assured a permanent building is desirable. Two rooms are 
needed, one a curing room, where the cones can be stored and allowed 
to dry slowly, and the other a drying room, where they can be sub- 
jected to artificial heat to release all the seeds. Both rooms should 
have tight floors to prevent loss of seed. It will also be advisable, 
in large operations, to have a third room for thrashing and sorting 


the cones. 
CURING ROOM. 


The curing process, preliminary to final drying, is essential, because 
it permits the inclosed seeds to ripen, just as in the gradual process of 
nature. It prevents molding and makes for great economy in the 
final application of artificial heat. The curing room should be con- 
structed to allow the free circulation of air, and doors and windows 
should be screened to keep out birds and rodents that would eat 
much of the seed. Racks for drying the cones should be 4 feet 
square and made of lath, the laths to be placed about one-half inch 
apart and fastened at each end by nailing a lath flatwise above and 
below. Each of these frames will hold 24 bushels of cones, but the 
cones will dry more quickly if the space in the building wiil allow 
a smaller quantity to be spread on each frame. The frames, 
or racks, rest like shelves, 18 inches apart, one above another, on 
upright notched boards fastened to floor and ceiling. Aisles should 
be left between the stacks wide enough to allow the unobstructed 
carrying of a bushel basket. To facilitate drying, the cones should 
be stirred often, and, in connection with this, a careful watch should 
be kept for wormy cones, which must be sorted out and discarded. 
These infested cones, particularly of white pine, are readily disin- 
cuishable by their brown color and shrunken, wilted appearance. 
These are cones that have dropped off before developing and should 
never be collected from the tree. Their seeds usually are valueless. 
In curing, the cones will snap and pop as they open, which indicates 
progress in drying. When enough are partly open, they should be 
sorted out to be artificially heated in the drying room, where they 
will open fully, so that all the seeds may be extracted. (See Pl. L.) 


DRYING ROOM. 


The drying room should be reasonably tight, to keep in the heat. 
The heating stove may best be set up in a corner, so that by the use 
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CURING ROOM, WITH WHITE PINE CONES, 


[This shows the arrangement of racks on which cones dry gradually before 
being subjected to artificial heat.] 
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of a double elbow the stovepipe may be extended across the room 

n a level with the top of the stove in two parallel horizontal lines 
about 2 feet apart. The two pipes may be reconnected and led out 
as a single pipe. The object is, of course, to furnish the maximum 
heating surface with an economy of fuel. By thus extending the 
stovepipe across the room at a low level the heat will rise through 
a large series of trays placed over the pipes and will penetrate under- 
neath them, as well as around the upper part of the room. ‘Trays of 
cones may be transferred progressively from the less to the more 
heated parts of the room. The trays in the drying room are frames 
of wood fitted with bottoms of wire mosquito netting. The cones 
should be screened before they are put into the trays, in order that 
all loose seed may be separated and not subjected to heat. The 
room can be kept at a temperature of about 100° F. without injury 
to the seed. 

When the cones are nearly all open, they should be taken out to be 
thrashed. There should be a thrashing room, if possible, to adjoin 
the drying room. The cones that are fully open can be thrown on 
the floor for thrashing, while those that are not may be taken back 
for further drying. The cones are thrashed with a flail and then 
screened. To avoid loss of seed, the floor should be swept frequently 
and the seed taken up. A convenient work-table for sorting and 
sifting cones consists of a screen with a one-half inch mesh in a 
frame 3 feet wide and about 6 feet long, set at a convenient height 
for use. It will also be useful for screening the cones before they 
are placed in the trays. The operations of drying and thrashing 


should be continuous for all the cones of any one species, in order 


that the seed of different conifers may not be mixed. 

The material which falls through the screen contains the seeds. 
For further separation this material should be rubbed through finer 
screens that have a mesh about the size of the seed that is being 
sorted. This rubbing will break off all the seed wings and remove 
the larger particles of dirt and pitch. The mesh sizes for various 
seeds are as follows: 


3 Wires} Size Wires) Size 
Species. toan| of Species. toan| of 

inch. | mesh, inch. |mesh. 

Inch. Inch. 

White pine: - ..% semestecarwecece wed 6 el APB ORVIC Secor se sakes ee docs asec 10 to 

Balsam. : 3: -...'. 35 dase eee aoe a: EOIN OC Kas 54 55. ccc socseuetweeee ciee s 10 oh 

Norway Spruce... (sachs son sense estes 6 ®: || SoG Sprileesds ey Ae. ch ssc ctee hice 12 qe 

Red pine... ..-..--...e-esecese-sseses- 8 SoM ILOISDPUCEL Soe ae cee as se ceisoals 12 qs 
Piteh-pine.-- =. -seeepeeseeeeee eae 8 $ 


The material from the last screening is ready to be run through a 
fanning mill, by which the hollow or ‘‘blind”’ seeds will be blown 
away with the wings and dirt, and the rest will be clean seed ready 
_ for sowing or storing. 
2282—Bull. 76—09——2 
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TREATMENT BY SPECIES. 


While general methods of seed extracting are similar, there must be 
modifications for different species. 


WHITE PINE. 


The seed of white pine is the easiest to collect, and the methods 
already described are the results of long experience with this species. 
The cones usually should be collected between September 1 and 15, 
but the time for collecting may vary over a period of six weeks. 


BALSAM. 


The time for gathering balsam seed is also during the first two 
weeks in September. When fully ripe the cones of this species fall 
to pieces, and therefore must be gathered before maturity. They may 
be spread on the floor of the curing room to ripen, when they will fall 
to pieces and be ready for cleaning. They are cleaned and fanned 
like white-pine seeds, with the same sized screen mesh. 


NORWAY SPRUCE. 


Norway spruce has been introduced from Europe for ornamental - 
purposes and for forest planting. The cones should generally be col- 
lected during the first two weeks in September, and when fresh cones 
are obtainable they may be collected and cured in the same manner 
as white pine. 

RED PINE. 


It is most difficult to cure the cones and extract the seed of red 
pine. The cones should ordinarily be collected between September 
1 and 20, yet the cones on the south side of the tree will open early 
and lose their seed, while those on the north side may remain closed 
all winter. It takes about two weeks in the drying room to open 
them, while white pine opens in about six hours. The drying trays 
should be fitted with a covering of cheese cloth over the wire bottom, 
because the seeds are so small they will fall through the wire mos- 
quito netting. If there are only a few bushels of cones of this species 
it is best to place them in trays in the upper part of the drying room 
and leave them there for several weeks while drying other cones, 
though if there are enough to warrant it they should be dried sepa- 
rately. It will be impossible to extract all the seeds, but those which 
are retained at the butt and tip of a cone are usually not fertile. 


PITCH PINE. 


The cones of pitch pine may be collected during the months of Sep- 
tember and October. When the cones remain on the tree they may 
hold the seed for years, but they open readily ina drying room. There 
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is no pitch, the seeds come out easily, and the yield is large. The only 
difficult part of the process is the removal of the seed wings, and the 
best way is to rub the seeds on an ordinary washboard before fanning. 


ARBORVIT#. 


The cones of arborvitze should be collected from about September 
5 to 20, and should be spread out on the curing-room floor to dry, 
since after they are cured the seeds can be pounded out of the cones _ 
without heating. If the cones are free from leaves the result will be 
clean seed. The wings can not readily be separated from the seed. 


HEMLOCK. 


Hemlock cones are small and hard to collect and the seeds are not 
easily cleaned. They may be collected from about September 5 to 
20. They can be cured and dried easily enough, because the thin 
cone scales soon lose their moisture; but unless all dirt is removed 
before the cones open it will be almost impossible to separate it from 
the tiny seeds afterwards. The cones need to be cured forsome time 
and then will open after a few hours in the drying room, when they: 
will be ready for thrashing. As in the case of red pine, the bottom of 
the drying-room trays should be covered with cloth, and since the 
cones are small they may be spread on the floor of the curing room 


instead of on racks. 
RED SPRUCE. 


Cones of red spruce should be gathered from about September 5 to 
25. They are very pitchy and require careful treatment, such as 
a frequent stirrmg in the curing room to break up the pitchy film 
about each cone, which keeps them from drying and tends to stick 
them together in large masses. As soon as they dry so that they will 
not stick together, all dirt should be removed. This is to obtain clean. 
seeds, because it is very hard to separate the dirt from the seed 
after the cones open; screening will not altogether remove the 
particles of dirt of the same size as the seed, and fanning will not 
separate particles of the same weight.¢ The pitch makes thrashing 
very irksome. 

WHITE SPRUCE. 


The cones of white spruce should be collected between September 
1 and 20. The treatment is the same as for red spruce. : 


STORING SEEDS. 


Seeds of all conifers should be stored in a cold room over winter. 
Cellars or stables are not good storage Places, because i in ue former 


@ A detailed description of collecting Seeik of this species is anne in the Eighth 
Annual Report of the Forest, Fish, and Game Commission of the State of New York, 
1902-3. 
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the air is moist and there is no free circulation, and in the latter 
ammonia fumes will injure the seed. They may be inclosed in a bag, 
and to be safe from mice should be suspended from the ceiling. Or 
they may be layered in boxes with moist sand and left in a place cold 
enough to keep them from germinating before spring. The sand 
can be sifted from the seed, which must be sown as soon as they are 
separated; otherwise they will dry out and deteriorate rapidly. This 
method of layering is called ripening by some commercial nursery- 
men, although there is no actual ripening. Still another and a suc- 
cessful method for winter storage of seed, especially for large quan- 
tities, is by the use of tight tin cans, each having a capacity of 50 
pounds, placed in an unheated building. 


ESTABLISHING A FOREST BY PLANTING TREES. 


The right choice of species in making a forest plantation of conifers 
is of prime importance. This choice can be made only after full in- 
vestigation of all conditions, and before starting a nursery or begin- 
ning forest planting it is exceedingly desirable that the owner seek 
expert advice from the State or the Federal Government, or from 
private foresters. If only a small plantation is to be made, or if a 
nursery is impracticable, the owner should purchase the trees from a 
reliable nurseryman. If extensive areas are to be planted, a forest 
nursery should be established. 


NURSERY PRACTICE. 
LOCATION OF NURSERY. 


The nursery should be conveniently located, either for conditions 
of labor and supervision or for nearness to the land to be planted, or 
for both, if possible. If the planting operations are to be extensive 
and suitable conditions can be found at a central point where facilities 
for labor and transportation are good, a permanent nursery should be 
established. But if the planting is on a small scale, and the cost of 
shipping the seedlings to the planting site is low, it will be advisable 
to establish the nursery convenient to supervision and labor. The 
initial cost of the nursery will, of course, be determined largely by 
the quantity of planting stock required and the number of years the 
nursery will be in use. (See Frontispiece.) 


SOIL. 


A good soil is prerequisite to success, and even though an unfavor- 
able one can be artificially improved, great care should be used in its 
selection. A rich sandy loam soil is best. It should be further 
enriched with fertilizer in an available form to be taken up easily by 
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Fia. 1.—SEED BEDS OF 11-YEAR-OLD WHITE PINE. 


[Two of the beds uncovered to show the density of the seedlings.] 


Fig. 2.—SEED BEDS OF RED PINE, 2 YEARS OLD. 
[These beds contain 12,000 to 15,000 trees in a 4 by 12 foot bed.] 
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the young plants. Seed beds, particularly, must be heavily ferti- 
lized. Expenditure for this is economy in the end, especially in 
producing large numbers of trees. Experiments with commercial 
fertilizers have not been carried far enough to determine the best for 
use on seed beds. It is known, however, that ground-bone meal, as 
a top dressing, has severely injured 1l-year-old spruce seedlings. 
Well-rotted barn manures probably are best if they do not contain 
live weed seeds. A compost heap should be made each year and 
allowed to rot three years before it is used. This can be arranged by 
having three piles, so-that when one pile is used another one is made. 
All fertilizers will probably be improved by the addition of unleached 
hardwood ashes. The ground should he so that water will not stand 
on it in winter and spring, but on the other hand should not slope so 
that the beds and paths will be washed or gulled. A northern ex- 
posure has an advantage over others in that the frost does not go out 
of the ground so early in the spring that it will freeze later and thaw 
again, and so heave the plants out of the ground. This heaving out 
results in loss unless the seedlings are promptly reset before the roots 
dry out from exposure to sun and wind. The nursery might be 
placed to decided advantage in a sheltered spot so that the ground 
will be protected from drying winds in hot weather, and from winter 
winds that would blow the snow away when it is needed as a protective 
covering. 

Water for irrigation or sprinkling is at times a necessity, and if 
it can be had at a small! outlay the cost of raising the young trees 
will be lessened and the assurance of success greatly increased. If 
care is taken to select a place not overgrown with weeds it will save 
much money and labor in future cultivation. Weed seeds may be 
killed by burning brush on the site. The ground should be turned 
in the fall preceding the first spring planting, or better still, might 
be used in growing potatoes the first year in order that the soil may 
be thoroughly worked up. 

Wherever the nursery is located, it should be well fenced. Woven- 
wire field fence is best, because with it snow will tend to lie on the 
level rather than to drift, as it does with a picket or board fence. 


AREA OF NURSERY. 


An area of approximately 11 acres will annually produce 75,000 
4-year-old transplants,* yet if it is possible to secure, at a reason- 
able cost, half as much more land, or nearly 2 acres, this will permit 
a rotation of crop every two years with the same annual output. In 
other words, two-thirds of the nursery will be in trees, while a soiling 


a ¥or further discussion see Tables I to V, inclusive, in the Appendix. 
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crop is grown on the other one-third. Every year a different divi- 
sion of the nursery will be sown to some other crop to improve the 
soil, so that every third year the rotation will be complete and the 
soil crop be repeated in each division, as shown in diagram 1. 

Both seedlings and transplants may be raised in forest nurseries, 
but transplants are generally the more desirable for forest planting. 
The object of transplanting is to develop a stronger.and more compact 
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DIAGRAM 1.—Plan of nursery to provide rotation for a soiling crop. 


toot system. One transplanting is ordinarily sufficient to produce 
sturdy stock for use on sites requiring stronger plants than seedlings. 
In this bulletin 2-year-old seedlings are untransplanted trees 2 years 
old, and 4-year-old transplants are 4-year-old trees once transplanted. 


GROUND PLAN. 


After the site and extent of the nursery have been decided, beds 
should be laid out and paths and roads located. Should the nursery 
work be limited to a few beds, the best and most convenient place 
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for them would be in one corner of a garden. But a large nursery 
should be laid out in the shape of a long rectangle with a road length- 
wise through the middle. 

A definite plan should be charted before work begins, in which 
seed beds and transplant beds are arranged most effectively for 
systematic work and convenience, for beds can not be shifted until 
the trees in them are ready for removal. 

If it is decided to raise 4-year-old transplants, which are to be in 
seed beds two years, the nursery should have two distinct parts 
equal in size, each to contain both seed beds and transplant ground. 
The seed beds in one division should be large enough to supply seed- 
lings for the transplant area in that division. After the nursery 
bécomes fully established, there will be first-year seed beds in one 
division and transplants in their third year; in the other division 
second-year seed beds and transplant beds with trees transplanted 
the year before and now in their fourth year. Hence, when the trans- 
plants in one division of the nursery are 4 years old and ready for 
forest planting, the seed beds in that division will furnish 2-year-old 
seedlings for transplanting to that portion of the nursery from which 
the 4-year-old stock is sent to the field. Thus, all the new work each 
year is confined to one division. In a nursery where 3-year-old stock 
is raised, it will not be possible to divide the nursery equally in this 
way and there may be other differences, since 1-year-old seedlings 
may be transplanted and grown two years as transplants, or seedlings 
transplanted at two years and held one year as transplants, befor 
they are set out in the permanent plantation. ; 


SEED BEDS. 


After the ground for the seed beds has been properly enriched it 
should be spaded thoroughly and cleaned of all débris such as sods, 
roots, sticks, and stones, and the earth pulverized. The seed beds 
should have their longest direction nearly east and west; this will 
secure a moving shade from lath frames which are placed over the 
seed beds. The beds should All be of like size, and preferably 4 feet 
wide and either 6 or 12 feet long. If the nursery is small and is to 
be cared for by one person, 6-foot-long beds are best, because one 
person can, without assistance, remove and replace the lath shade- 
frames, but 12-foot beds are better and more economical for large 
nurseries where there will be two men at hand to move the frames. 

The seed beds must be in the best drained part of the nursery to 
prevent “damping off,’ a fungous disease that attacks the young 
seedlings when moisture is excessive. The bed should be raised 
about 4 inches above the path and its surface rounded off slightly, 
so that the center will be about 1 inch higher than the outer edges. 
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FRAME COVERS. 


A framework covered with 2?-inch wire netting should be built to 
fit around the bed and placed in position before the seeds are sown. 
This frame and net inclosure should be sunk in the soil so that the 
top of the bottom sill will be even with the surface of the bed. This 
framework, or seed-bed box, protects the seeds and seedlings from 
birds and rodents. It is completed by a cover which fits over the 
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DIAGRAM 2.—Protective wire frame for seed bed, showing construction. 


frame. The cover should be separate to provide for weeding. The 
seed box and cover should be constructed according to diagram 2. 

The 3-inch wire netting is not ordinarily carried by hardware 
dealers, but can be ordered through them, and when purchased in 
full rolls of 150 feet a discount may be had from the retail price per 
foot. A full roll of the 4-foot width will furnish wire for 12 of the 
12-foot or 25 of the 6-foot covers. For the sides the 1-foot width 
should be purchased and afterward split lengthwise through the 


~ 
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middle in order to get the 6-inch width required, but which can not 
be purchased. One roll of the 1-foot width will make sides for nine 
12-foot or fifteen 6-foot boxes. If the ?-inch ‘‘poultry”’ or ‘‘rabbit” 
wire can not be obtained ‘‘sand screen’? may be substituted, or 


TOP VIEW 


dias 
| | | | | | 
ue HI i HII (ae 
eo *e 


LATH SIDE ViEW LATH 


END VIEW 
Pi ier a 
DisGraM 3.—Shade frame for seed bed, showing construction. 


4-inch mesh screen, though the #-inch netting is by far the best 
and every effort should be made to secure it when a permanent 
nursery is to be established. 

In addition to the netting covers, there must also be provided a 
shade frame of lath that will protect the seedlings from the direct 


DIAGRAM 4.—Protective screen and lath shade frame in position. 


rays of the sun, by reproducing in part the play of light and shade of 
the natural forest. This shade frame should be made according to 
diagrams 3 and 4. A complete outfit of wire box, cover, and shade 
frame, based on constructing 100 of them, will cost $3.08 for each bed 
of the 12-foot size. 


2282—Bull. 76—09——3 
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PLANTING SEEDS. 


After the box is placed in position the soil must be thoroughly 
moistened to a depth of at least 6 inches. The seed beds should 
then be shaped, packed, and smoothed and the seeds then sown 
broadcast by hand as evenly as possible over the bed. The top soil 
should then be firmed and the seeds pressed into it by the use of a 
clean hoe or other tool with a smooth, flat surface. Care must be 
taken to see that the seeds do not adhere to the tool. The quantity 
of seed of various species for a bed is given in Table VII, appendix. 
After the seed has been pressed into the soil, a layer of fine soil not 
more than one-eighth of an inch deep should be sifted over the 
seeds. For this, a sieve with a mesh of about 4-inch, or one used for 
screening coal ashes, will do. After sifting the dirt, the wire-screen 
cover should be set in place on the seed-bed box and the lath shade 
frame laid on top of the cover. The soil should be kept damp by 
sprinkling with water until the seeds have germinated. 

The seed beds are thus prepared. for the germination period by 
entirely inclosing them. All open spaces in the lath shade should be 
filled by loose laths, and the open sides and ends of the screen box 
closed by tacking some tight covering like building paper around 
them, and earth should be banked around the bottom of the paper. 
The germination period will vary according to weather conditions 
and the quality and kind of seed. The approximate lengths of time 
in which seeds of certain species will germinate is here given: 


Ap- Ap- 
proxi- proxi- 
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Seed should not be sown until some time after the frost is out of 
the ground and all danger of freezing weather has passed. If the 
seeds are sown too early they will rot, but if the sowing is delayed 
until too late the tender seedlings will succumb to heat. It is better, 
however, to sow late than too early. 

After sowing, the covers of the beds must be raised frequently and 
the progress of germination observed. If good seed has been used and 
these directions have been carefully followed a full, even germination 
will result and the seedlings will all break ground practically at the 
same time. When enough seeds have germinated to make a thick 
stand, the loose laths on the top and the paper at the sides must be 
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removed at once. This will admit hght, dry out the soil, and keep 
the little trees from making a spindling growth. If the cover remains 
on too long, the trees grow tall and spindling for lack of lght, 
they have thin tissues, are very weak, and should “‘damping off” 
start in all would be likely to succumb. Even if the stand is scat- 
tering and thin the loose laths and paper must be removed within a 
few days after the seedlings break ground. In extremely damp 
weather all coverings, including shade frames, should be removed, 
leaving only seed-bed boxes, without covers, in position. Should the 
beds be damp and yet the plants apparently wilting, the lath shade 
should be removed at once, and an effort made to dry the beds out, 
because this condition indicates ““damping off.” Investigation will 
show that the stems of the young plants are shriveled at the surface 
of the ground and the little plants will topple over and he flat. Any 
sign of damping off is most noticeable in the morning. The fungus 
which causes this develops most rapidly under humid conditions in 
shady places, on wet soil. Thorough ventilation and drying out 
are good preventives. In fact, the chief care during the first season 
will be to prevent ‘‘damping off,’’ and measures of control must be 
taken at once when needed.? 

At this time in the life of the little trees there is also danger of 
their being destroyed by birds. As the young plant comes up the 
seed coat is pushed out of the ground and remains on the tip until 
the needles develop and push it off. Sometimes birds will pick off 
this seed coat and with it the tip of the plant, which is thus killed. 
This explains the necessity for the screened, inclosed seed bed, from 
which the protective covering should not be removed during the 
first summer, excepting to prevent excessive moisture. 

Should the weather be dry, the beds may be watered lightly with a 
sprinkling pot or hose, about sunset. Weeds must be kept out, but 
if the seeds are good and a full germination is secured this will be an 
insignificant part of the work. 

The lath shade frames should be used during the summer, when 
necessary, to protect the plants in hot, dry weather. The shade is 
at the proper height above the beds as it rests upon the wire covering. 
The shade should be removed after heavy rains until the beds are 


fairly well dried. out. 
After the season’s growth is over, and other vegetation has been 


checked by frost, the shade frames, if still in use, should be kept off 
in order that the little seedlings may harden up for the coming winter, 
and later in the fall the wire boxes and covers should be removed 
from the seed beds and placed ina storehouse. Early in the winter, 
and preferably after a light fall of snow, one thickness of burlap 


2 Circular 4, Bureau of Plant Industry. The Treatment of Damping off in Conif- 
erous Seedlings. By Dr. Perley Spaulding, scientific assistant. 
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should be fastened in place directly on top of the seedlings. This 
will prevent heaving of the soil during the ensuing spring. Burlap 
is cheaper than leaves, and much better. In the spring, after all 
danger of frost is over and the burlaps are removed, the seedlings 
ought to be found in the same condition as when covered. 

During the second summer the seed beds will require no shading 
and but little attention, except for weeding. The roots are suffi- 
ciently deep in the soil, and the dense growth of the tops shades the’ 
ground ‘so that watering is rarely, if ever, necessary, provided none 
of the trees have been removed and transplanted at the age of one 
year. Nor will they need a covering the second winter, since the 
roots are then deep enough in the soil to prevent heaving. 

Seedlings should not be kept in the seed bed more than two years. 
They are then ready to be taken up and transplanted, or even may 
be sent to the field if it is deemed advisable to use trees this small 
for field planting. It is a common practice in growing white pine 
in southern New England to soak down the first-year seed beds and 
prick out the seedlings, leaving from 50 to 75 per square foot. Those 
pricked out are set in transplant beds for one year and those that 
remain, having plenty of room for development, are planted at the 
end of the second year as seedlings. ) 

The plants must be taken up carefully. A spade should be forced 
deep enough into the ground next to the plants to get to the bottom 
of the roots, and a piece of the bed thrown up asasod. This sod 
should be shaken until it falls to pieces,so that none of the small 
roots may be broken off or the stems of the plants split. They — 
should either be transplanted or ‘‘heeled in”’ at once, since the plants 
will be killed by an exposure of the roots to sun and wind for even a 
short time. 

TRANSPLANT BEDS. 


Transplanting is necessary if strong, well-rooted trees are desired 
for forest planting. The work should begin in the spring, as soon 
as possible after the frost leaves the ground, and should be complete 
before the new leaders begin to form. Since European larch begins 
to grow before the frost is out of the ground, an exception must be 
made in its case and it should be transplanted in the fall, both in 
the nursery and to the field. 

Transplant beds should be approximately 4 feet wide, since this 
is the most convenient width for work. The paths at the sides of 
the bed need not be over 2 feet wide, but those at the ends should 
be 24 feet, to permit the use of a wheelbarrow. Transplant beds 
may be any length, but 40 feet is a convenient one, and a bed this 
size will hold approximately 1,000 transplants with rows 6 inches 
apart and plants 4 inches apart in a row, 13 plants in a row, and 81 
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rows. Making allowance for losses, each bed ought to furnish 750 
young trees for planting. If the transplants are to remain in the bed 
only one year they may be spaced closer, or in rows 6 inches apart 
and the plants 2 inches apart in the row. A bed 40 feet long with 
plants set at this spacing may contain 2,000 trees or, with a propor- 
tionate allowance for loss, should produce 1,500 young trees. 

The transplant beds should be well prepared and, if on a moder- 
ately good soil, should be raised about 4 inches higher than the path. 
Paths serve to conduct away the surface waters during a rain storm 
and to prevent soil washing and the burying of plants. The beds 
should be 4 feet 6 inches wide (including slope of edge) in order that 
the planted row of trees may be exactly 4 feet long. This leaves 3 
inches on each side of the slope of the edge, and will allow for a 
certain amount of washing away of the edges of the beds without 
exposing the plant roots. The paths may be laid out to facilitate 
drainage, but in any case it will add greatly to the appearance of the 
nursery if all the work is neatly done, and exact. A system of 
stakes and cords may be used, and results with these ought to be 
thoroughly satisfactory, though in a large nursery it may be advis- 
able to have some of the main lines surveyed and staked off as bases 
for all the beds. 

All of the beds need not be complete before transplanting begins. 
If the soil is too dry the bed should be thoroughly moistened to facili- 
tate planting. The seedlings should be carried in a pail in which 
there is sufficient water to cover the roots. A transplanting board 
will aid the work, since by its use the seedlings can be placed regu- 
larly and with little trouble. This board should be 4 feet 3 inches 
long and 54 inches wide, with notches cut on both edges of the top 
ide, either 2 or 4 inches apart, according to the required distance 
between plants in the row, but the first notch should be 3 inches 
from one end and the notches exactly opposite on both sides of the 
board. The board is held in place by two sharpened pins set in the 
board and projecting from the under side. The planting board is 
laid crosswise of the bed, so that the first row of trees will be set on 
the line marking the end of the bed, and one end of the board will be 
against the string that marks the side of the bed. After this first 
row is planted, the board is moved back, or toward the planters, 
and the far side of the board placed against the row of seedlings 
already planted and one end against the string as before. One 
plant is set at each notch, and the work proceeds in this manner 
until the bed is filled. If care is taken to keep the end of the board 
even with the string along the side of the bed, the plants in each bed 
will be in straight rows both ways. It costs no more to have this 
uniform arrangement and is an advantage In every way, especially 
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since it aids cultivation and gives each tree equal advantage. (See 
Bb PPPs fie ts) 

Two men to a transplant board, one at each end, can work to best 
advantage and, doing the work thoroughly, should set out 500 
plants per hour. A long, narrow trowel is the best tool to use, and 
care should be taken to make the hole sufficiently deep for the root 
system. Care must also be taken to put the roots into the hole 
in proper position and to see that the plants are set in the ground at 
the same depth they were in the seed bed. The earth should be 
thoroughly packed around the roots. The foreman can easily see 
whether the laborer has planted the seedlings at the proper depth 
and, by pulling, can find out whether they are set firmly and are 
tight in the ground. It requires constant supervision to see that the 
soll around the roots has been packed properly. As soon as the 
planting is completed the paths should be leveled and the nursery 
cleaned up. 

During the summer the beds should be kept free from weeds and 
the soil between the rows lightly cultivated, though the trees must 
not be loosened or injured. If there is hot, dry weather soon after 
planting the trees should be watered, or shaded temporarily with lath 
covers. The paths also should be kept free from weeds, and all the 
collected weeds removed from the nursery in order that no seeds 
may be left. The weeds in the bed must always be pulled up, never 
broken off; therefore it is best-to weed after a rain when the ground 
is soft. The first two weedings of the season are the heaviest and 
the most expensive, but if they are well done subsequent weeding 
will be comparatively easy and much less expensive. All trees that 
die should be removed and a record should be kept of their numbers. 

The transplant beds need no covering in winter. The following 
spring these transplants are 3 years old and, under certain conditions 
(see p. 23), are suitable for forest planting. Should large-size 
material be desired, the transplants should remain in the same 
place another year. Practically the only additional cost of 4-year- 
old over 3-year-old transplants is in the expense of weeding during 
the second summer in the transplant bed. They are more bulky 
to transport to the planting sites, and they need larger holes when 
planted in the field; but they are stronger and more likely to suc- 
ceed, especially under unfavorable conditions of competition with 
weeds, brakes, or brush cover. 


PACKING FOR TRANSPORTATION. 


In packing for transportation the distance and the time in transit 
must be considered. If the distance is short, they may be packed 
in a large wagon box or in good-sized packing boxes lined on the 
inside with burlaps that have been soaked with water and rubbed in 
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earth to make them air-tight. If the distance or time of transit is 
long or the weather very dry, wet sphagnum moss should be placed 


-around the roots. The trees should not have the tops and roots 


mingled; if they are kept separate the time and trouble of sorting will 
be saved. Seedlings should be bundled in lots of from 50 to 100 trees, 
but larger trees need not be bundled. The tops should be exposed, so 
that the air may circulate through them; otherwise they will heat 
and the plants will be ruined by being scalded. Care must always be 
taken that the roots do not become dry at any time, ECTS if they 
dry out thoroughly the plant will die. 

When stock arrives at the place where it is to be used, the 
plants should at once be heeled in. Before the boxes are opened they 
should be distributed over the planting site, in order to save the ex- 
pense of carrying them some distance to the planters. 


MAKING A FOREST PLANTATION. 
AGE CLASSES OF TREES. 


In the nursery practice just described it has been assumed that 
the trees were grown two years in the seed bed, then transplanted 
and kept two years before they were set out in permanent planta- 
tions. But on cut-over lands with a thin ground cover, or on old 


- fields covered by a light growth, such large, strong trees are not re- 


quired in forest planting; 2 or 3 year old trees once transplanted 
or strong 2-year-old seedlings have proved sufliciently sturdy to meet 
such conditions. Perhaps some pines may be best transplanted at 
the end of one year and held in transplant beds two years before set- 
ting out. 

lf the ground cover is dense, it 1s false cconomy to use small un- 
transplanted trees, and this is especiaily true in the Adirondack 
region of New York. Yet in New England most of the land to be 
ated will need only the 2 or 3 year old transplants or even 2-year- 
old seedlings, provided the plants are stocky and have good root 
systems. 

When healthy wild seedlings are obtainable these may be used in 
forest planting. As arule, however, their root systems are straggling 
and they lack decidedly the characteristics that are essential for suc- 
cess. A modified use of wild stock consists of setting the wild seed- 
lings in transplant beds in the nursery for a year prior to planting. 
This will, see cost as much as, or more than, the raising of trees 
from ad and vet only be snareead when ap SIA are unusu- 
ally favorable for the economic gathering and care of such stock. 


SEASON FOR PLANTING. 


Planting should be commenced as soon as the frost is out of the 
ground in the spring. Spring planting before the buds begin to grow 
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is better than planting in the fall after the trees have completed their 
season’s growth. As between planting and sowing the seed beds in 
the spring, the former should always take precedence in point of time. 
The length of the planting season varies from four to six weeks. 


ORGANIZATION OF PLANTING WORK. 


The different parts of the work require no little special skill, and 
men should be selected for their special fitness. When the work is 
on a small scale it consists simply in two operations, digging holes 
and setting the trees, and one man is needed for each operation. This 
pair of men working together may be considered as a labor unit in 
all planting operations. Several pairs of men will be required for 
planting on a large scale and there will then have to be a definite 
system of supervision. One foreman can superintend the work of 
six or eight pairs of men, who will form a working crew. While it is 
of course true that the more extensive the operations the more crews 
will be required, the number can not be increased indefinitely; and 
more than 100 men can not be controlled economically under several 
foremen and one superintendent. Some help is required to supply 
the planting crews with trees and to set flags for the guidance of the 
diggers, and one person to supply laborers with water. 


PLANTING. 


One man in each pair should be provided with a grubbing hoe or 
a mattock for digging the holes; the other should follow with a pail 
of trees and set one in each hole. Besides the hoes and pails there 
will be need for flags for lining up the men, shovels for heeling in, 
and baskets for carrying the trees from the place of heeling in 
to the planters’ pails. The trees should be set at regular intervals 
in rows, to utilize the ground to the best advantage and to produce 
the best forest stand. When the pairs of workmen are lined up to 
begin planting, two or more sets of flags should be set ahead to guide 
the first pair of men, who set the first row of trees across the field. 
This first pair keep in line with the flags, and set the plants in the 
row according to the prescribed spacing. The second pair start 
another row opposite the first plant set by the first pair and keep 
along parallel, according to the spacing desired; the third pair sim- 
ilarly, and so on. If the diggers and planters exchange labor after 
crossing a large area the work will be less tedious, but this changing re- 
quires much sharper supervision to insure good planting. (See Pl. IV.) 

In making a hole it is well to cut off and remove a thin slice of 
sod, to give the plant a better opportunity to grow with the competi- 
tion of the grass removed. The hole should be large enough to give 
room for the roots without crowding, and the tree should usually be 
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Fiac. 1.—TRANSPLANTING. SHOWING USE OF THE TRANSPLANTING BOARD. 


FiG. 2.—TRANSPLANT BEDS OF WHITE PINE 4 YEARS OLD. TRANSPLANTED 
WHEN 2 YEARS OLD. 
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Bul. 76, Forest Service, U. S. Dept. of Agriculture. 
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placed in the ground, especially on light soils, slightly deeper than it 
was in the nursery. The earth should be packed about the roots 
thoroughly, so that open air spaces will not be left and the plant will 
be able to get the moisture from the surrounding soil. Just as in 
transpianting, great care should be taken to get the roots in as nearly 
a normal position as possible. Two men, after they have had a little 
experience, should set out 1,000 of the medium-size trees per day 
and 1,200 of the smaller ones. 

Attention must be given to the plants that are heeled in, and if 
they so remain for some time before they are planted they must be 
watered and covered with wet burlaps during hot, dry days. This 
cover will prevent the buds from developing too rapidly and permit 
of planting over a longer period of time during the spring. Baskets 
are most convenient for carrying the plants from the place where they 
are heeled in to the planter’s pail. 


PROTECTION. 


After the plantation has been made it should be protected from 
fire. This may mean merely the annual clearing of fire lanes around 
the plantation, supplemented by bare strips of land dividing the 
plantation into blocks, or, in extensive reforestation, the main- 
tenance of a patrol in season of danger. 


OPERATION AND COSTS. 
OPERATION. 


Field planting is carried on mainly in the spring, within a short 
space of time, while nursery work is continuous from the time the 
frost leaves the ground in the spring until it freezes again in the fall. 
These two branches of the work, therefore, may be considered 
separately, and, in fact, the two are distinct in organization and 
supervision. 


NURSERY WORK. 


No matter how large or how small any nursery may be, there 
should always be some one at hand.with sufficient authority and 
experience to control all work efficiently. If the nursery is large, 
this person should act as a foreman only; but if the work is con- 
ducted on a small scale, he can guide the work and also perform 
some of it. If a foreman is in charge he should be shown proper 
consideration and be given necessary authority to discharge men and 
issue orders. Any superintendent over him should give orders to the 
foreman and have him execute them. This gives the foreman stand- 
ing with the men under him and avoids the confusion which often 
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results when more than one person is giving orders. The accompany- 
ing outline shows the usual lines of nursery work in their chronological 
order. It is of course apparent that seed collecting and curing done 
in the fall has but little part in the routine management of a forest 
nursery, where most of the activity is in the spring months. For 
this reason no account is taken of collecting and storing in the 
synopsis of spring nursery work. 


Loosening. 
Taking up trees for field Pulling. 


lanting or shi 
planting or shipment. Aeehpe 


Packing. 
SHIPPING. —- Sona eee seams Carting. 
Shipping. 
Plowing. 
Fertilizing. 


Preparinesorls sess (Patek 
{ 


Cleaning soil. 

Removing stones, sods, etc., from 
nursery. 

Staking out and lining. 

Spading. 

Leveling. 

Rolling. 


Nursery foreman... 


Making. bedae.- speo.27 ae 


Taking up seedlings. 
Distributing seedlings. 
Sowing and transplanting-, Transplanting seedlings. 
we seedbeds. 
Inspecting work. 
Keeping time. 
Time and cost keeping @..; Paying men. 
Keeping costs. 


Work during the first year, while a nursery is being started, will 
be confined to cleaning ground and preparing and caring for seed 
beds. The balance of the nursery area may be sown with a legumi- 
nous or other crop. Transplanting enters into the work of the sec- 
ond or third year, according to the system decided upon. Then 
when the transplants have reached the required age for planting, all 
lines of work will be in operation. 


FORMATION OF PLANTATIONS. 


The field work should be organized and conducted so that it can 
be carried on in direct relation to the nursery work. They are inter- 
dependent, and the field work should be organized to take the plant- 
ing stock and plant it as fast as necessary to remove it from the 
nursery. Enough help should be employed to make sure that the 


———- 


a The foreman, if time permits, may look after these matters. 


| 
| 


COSTS. ale 


planting will all be done before the buds have started too vigorously. 
In some cases it may be necessary to establish quarters and board 
the men while the field planting is in progress. Board should be of 
good quality and liberal in quantity. Men are more likely to quit 
as the result of poor board than because of low wages. 

The following outline shows work in connection with planting, 
arranged in chronological order: 


Ordering shipments from nursery. 
Distributing loads of trees over planting site. 


Stock. ------..---.--- Keeping planters’ pails supplied with trees. 
Caring for trees heeled in. 
Erbe 01212 ene ae OnE Setting flags to guide planting crews. 


Planting super- | Planting crews (under 
intendent. foreman). 


as necessary. (Unit of labor—one laborer 

digging holes, one planting trees; one crew 

of 5 or 6 pairs under one foreman.) 
Keeping time. 


Keeping costs. 


| Digging holes and planting by as many crews 
Time and cost keep- | 


i a 
Pek Paying laborers. 
A Supplies. 
O71 11) Cae ears ae { 
P Cook. 
COSTS. 


Every one who contemplates reforesting will naturally want to 
know the expense. It is not possible to prepare estimates which will 
apply to all cases, but some idea of costs may be gained from an exact 
statement of the cost of raising 250,000 three-year-old white pine 
transplants, and making a plantation of approximately 200 acres, per 
annum. 

The initial investment for permanent improvements and equip- 
ment may be from $400 to $1,000, and will depend upon local con- 
ditions, such as the price of land, cost of a water system, price of 
labor, and cost of materials. The annual expenditures, in addition 
to the permanent improvements, may be more definitely stated, as 
follows: 


Annual expenditure to raise 250,000 3-year-old white pine transplants annually and set 
them 6 feet by 6 feet apart in plantation. 


| = | 2 
First Second) Third | Fourth 
year. | year. | year. | year. 


| 
Expenditures on— 
| | 
| 


| | 
LS PETS G'SUTGIE . a 2 Sea ee ese ee Ue Se eee et $235.00 |$235.00 |$235.00 | $235 00 


ASV RITS IMG SiGe. AOS we ee a Se eee nn aD pees nae icy slates | 87.50 | 87.50 87. 50 
35 ELISE STG. 2 SoS ect ese ce a a es nee en secseaee | 475.00 475.00 
SRST AE Rina pe II 6820 IS) ee ae ot Bes soetet Dhtnsen Sede Sf aesou obec | eet eh ee [Bpaeae cee 975. 00 


Wotabaunuablexpenditure-_.2.2.2... 2222 2.12.) e eee 235. 00 | 822. 50 797. 50 |1, 772. 50 


alitime permits, planting foreman may attend to these matters. 
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As soon as the first lot of transplants is ready for field planting, 
the annual expenditure reaches $1,772.50 and thereafter should 
remain relatively constant. 

Many and careful computations have been made of the cost of 
growing seedlings and of making plantations with various aged classes 
of stock and for different spacings. The results are given in the 
appendix, in Tables X and XI, based on experience in large refor- 
esting operations conducted by the State of New York in the Adi- 
rondacks, but low costs can not often be secured on small operations 
or without experience. 

No allowance has been made for the technical advice or supervision 
of a consulting forester, but all cost of foreman and superintendence, 
not technical, is included. Labor cost, 22 cents per hour; lumber, 

25-per thousand feet (board measure); lath, $4 per thousand 
pieces. No allowance was made for soil rental or interest on the 
money invested. Ten per cent of the cost of equipment, buildings, 
waterworks, tools, tool houses, fences, etc., is taken for fixed charges. 

Miscellaneous current expenses include charges which can not 
readily be apportioned under the headings given, such as general 
care of nursery, watering, spraying, work on paths, walks, ditches, 
and other miscellaneous items. 

The following statements show the charges included in securing 
the final figures shown in Table X in the appendix: 


Cost per thousand of producing 2-year-old white pine seedlings (column 1): 


‘Use iofsseed-bed. boxes and:lathishades .. Ga es ee ee ee $0. 08 
Labor puting am seed beds =. 0 ee ae ks ee ee 12 
Care during first’ SUMMEers.-2 955250 2 ec cee ee eee one . 20 
Care during. second isummmers .4 3502252 <2 on. Seo eee Ae . 10 
Covering with burlap first winter and removing it.....-.-.........--- Rhee 8 (555 
Pixed charges first. years. sie syei: of UR eof ee eee age eee . 10 
Fixed ‘charges second, year: 2s... 2c. aot bees Se ee ee = ee eee . 10 
Miscellaneous current expenses first year........-.-.--------------+----- . 10 
Miscellaneous current expenses second year...........------------------ . 10 
Allowance for loss of seedlanes? | 23. 2s. 2045 Shela ee eee 15 

Average cost of producing all species (except cost of seed) @............. 1.10 
Average cast of :white pine seeds... 82. cone te kes aed ee Gee Pe 

Cost of 2-year-old white pine seedlings in seed bed...............--.-2-- 1, 29 

Cost per thousand of 3-year-old white pine transplants (column 2): 

Cost of 2-year-old white pine seedlings (as above).......-....---...--.--- 1. 29 
Cost: of takine- up seedhingst.. 205 iq). Job ok oes soe eee ee ae eee . 10 


aThe price of seeds per thousand is computed by taking average cost of seed as 
found in Table IX, column 1, and reducing cost to price per ounce; then multiply by 
number of ounces needed to sow a seed bed (see Table VII). This gives cost per 
bed for seed, and this amount divided by 74 (the average number of thousand trees 
in a seed bed) gives the price of seed per thousand trees. This cost, added to cost of 
production, $1.10, gives cost per thousand for various species. 


COSTS. 29 


Cost per thousand of 3-year-old white pine transplants (column 2)—Continued. 


SADSVTS (ik Be TiTIVS/ Oy EERSTE eB aloe. ae ay i ea ee arn $1. 40 
Cost of weeding third year (trees spaced 2 by 6 inches in transplant bed).. =. 25 
Barinaimuned enareeshiira years) Mee aes ss Le ee ws . 05 
Cost of miscellaneous current expenses third year. .................--... . 10 

Cost of 3-year-old white pine transplants in beds.............---.....-- 3.19 

Cost per thousand of 4-year-old white pine transplants (column 3): 

Cost of 2-year-old white pine transplants (as above).....-..,......-...-- 1. 29 
Aion Otehed Ka Omar SOCOM MNO E ali Wine Ci fu Clee ee eS . 10 
COORG as Eee W AVS CNET 9 ERR a PSIG Soe Le cee eee ie, Ae ey a en 1. 40 
Cost of weeding third year (trees spaced 4 by 6 inches in bed)..-......... . 40 
Cost of weeding fourth year (trees spaced 4 by 6 inches in bed).........-- . 20 
Coston tixed charces third and fourth years. . 2225 .4.2.-. 22.2 2.22.22. . 10 
Cost of miscellaneous current expenses third and fourth years. ........... . 20 

Cost of 4-year-old white pine transplants..:-......-.-.-.-2--./.2..-.-- 3. 69 


The following statements show the way figures in Table XI were 


obtained: 

First division, when 2-year-old seedlings are used: 
Cost per thousand of 2-year-old seedlings in bed..-.................-..... $1.29 
Cos pemimousand on takaineup seedlngss. o.oo th Pe ge 10 
Cost per thousand of planting in the field (two men, 1,200 per day)...._.. 2. 90 


Cost per thousand of growing and planting 2-year-old white pine seed- 
TIDES Ow Se, ae LE OTS Nalin aime Ie as ay eee oye Ne ae mee TE OE 4,29 


When a 6 by 6 foot spacing is used 1,210 trees per acre will be 


required. (See Table VI.) 


Dina per or unousand trees per acre s.s(, 92026 o oo. ew oe ot ok Se 1. 210 
Se CI OURAN Ie ms Sets teen | PO eS a sey ais bso. oe YY SS G4 29 
erie Mint ete Olam NOM apt eet inn 8 ak Ih oe iS St pe J Soi aes. ss ee. 2 5. 19 


Second division, when 3-year-old transplants are used: 


Cost per thousand of 3-year-old transplants in beds. .-.............-.---. a9 
Sos pequnolcand guiaking Wpatrancsplants: £ 2s. d224. 60. eb. oe . 40 
Cost per thousand of planting in the field (2 men, 1,000 per day)....-..... 3.50 


Cost per thousand of growing and planting 3-year-old white pine trans- 
prtcaty peat teeiaes le tee eee ea Lee ese ye ON ee ee 3 YESS 7. 09 


When 6 by 6 foot spacing is used 1,210 trees per acre will be 
required; hence— 


eemirina: GHousSand trees Per acre. -....-.---.-2+--s-- teense eee e ese teeee 1. 210 
MEM momenta Sr ie eo ee bee jek SSCP MEU URN er pe nek $7. 09 
MUMPIMEIR TRA PIOM 8 222 os S82 oad ea be abe le ee gee sag od ewc case 8. 58 


Third division, when 4-year-old transplants are used: 


Cost per thousand of 4-year-old white pine transplants in bed............. $3. 69 
Paimeerionsand of faking them wp......>.-.-.-------::--+++---------- . 60 
Cost per thousand of planting them in the field................-2--2-.---- 4. 00 


Cost per thousand of growing and planting 4-year-old white pine trans- 
PenmnrreramneanGs sep imitne teld.: 2.050 2. hc cape ee ety Ges a ne ode ee 8. 29 
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When a 6 by 6 foot spacing is used 1,210 trees are used per acre. 


Number ‘of thousand trees: per acres S22 Soe Se ee a ee ots ee see 1. 210 
Cost, per thousand : 23.2.9 ols. 2h eine Se eee eee $8. 29 
Costof I acre of plantation 2. 2 52 See ha ee ae eee eee 10. 03 
Miscellaneous costs per thousand, all species: 

-~Oare of seed beds first years. ip) 2 ee ee a $0. 20 
‘Care of-seed: beds second -yearzcscccae arate a eee Wee anneal Re ee ec ge .10 
Gost.of takang up seedlings < 25.3 22 OP ent eee eee 10 
Cost of taking up, bunching, and packing seedlings......................- . 40 
Cost. of transplanting seedlings. in mutsery. 2 on es ee ee ee 1. 40 
Cost of planting 2-year-old seedlings in field...................... SA iar 2. 90 
Costiof planting 3-year-old transplants im held_ 2 e422 ee 3. 50 
Cost of planting 4-year-old transplants in field.................2.2-.....-- 4. 00 
Cost of taking up 3-year-old transplants in nursery................-...--- . 40 
Cost of taking up 4-year-old transplants in nursery......................-- . 60 
Cost. of weeding. 35-year-old transplantse.. 225 22 oe ee ee . 25 
Cost of weeding 4-year-old transplants third year ....................-..-- . 40 
Cost of weeding 4-year-old transplants fourth year .............2..........  .20 
Cost of miscellaneous current expenses seed beds per year...............- .10 
Cost of miscellaneous current expenses transplants per year.............- . 10 


LABOR REQUIRED. 


Full explanation has already been given as to the capacity of 
laborers, and certain units of labor have been described. The value 
or capacity of this labor so varies with its class and experience that it 
is impossible to state definitely that to operate a specific nursery area 
it will require the employment of an exact number of men. Even on 
such an apparently trivial item as weeding during the summer there 
will be much variation, because some pieces of ground seem to have 
an unlimited capacity for growing weeds while others do not. These 
practical limitations make it inadvisable to try to state in detail the 
number of laborers needed. It may be said, in general, however, that 
two men under average conditions will care for a nursery of two acres 
during the summer, and look after transplants and seedbeds and 
have some time for work on permanent improvements. 


ESTABLISHING A FOREST BY SEEDING WHERE THE FOREST 
IS TO GROW. 


The simplest, though not always the most certain or the cheapest, 
method of reforesting land is by sowing seed in the place where the 
future forest is to be. The advantages of sowing are these: It is 
nearest to the method of nature; transplanting, no matter how care- 
fully done, involves, asa rule, injury to the roots, which may start decay; 
a forest from seed is dense and produces timber free of branches; on 
stony soil planting is expensive, and sowing is the more desirable 
method of establishing a forest. Moreover, sowing is very simple, 


BROADCAST SOWING—PARTIAL SEEDING. a 


and where planting stock will be prohibitive in price, or where there is 
no expert labor for planting, the method can be used to advantage. 
On the whole, however, sowing can not be considered under some con- 
ditions as the most advantageous method of establishing a forest. 
On wet or dry soils, or soils subject to freezing or covered with a dense 
mat of weeds, the conditions are less favorable for sowing than for 
planting. Sowing can not be recommended in cases where seed must 
lie over in the ground a whole year (basswood), or if the seed is very 
small (aspen, willow), or is very expensive (white pine). It will take 
not less than 4 quarts of white-pine seed to sow an acre with white 
| pine, and many advocate more, or not less than 5 pounds. It is 
| evident that seed sowing in such quantity will pay only when the seed 
| is very cheap. Otherwise the average cost of white pine seed, $2.25 
per pound, will make the cost of the seed over $11 per acre, and will 
_ justify this method only in extreme cases, when planting for some 
reason is impossible. 
The seed may be sown over the whole area broadcast or in regular 
strips, or only in spots. 


BROADCAST SOWING. 


It is generally necessary to prepare the ground for establishing a 
forest by seeding, for without such preparation the possibilities of 
failure are great. Only under especially favorable conditions has 
the sowing of seed without previous preparation of the ground any 
chance to produce good results with eastern conifers, as in cases 
where there have been recent fires which have burnt off the grass 
and loosened up the soil. Even then, however, the seed should be 
raked or brushed into the soil. Broadcast sowing may be often very 
cheeply done when combined with crop raising. After two or even 
three years of such grains as rye, wheat, oats, and especially of corn, 
and crops of potatoes, the soil will be in excellent shape for forest 
seeding. The cost of cultivating the ground in such cases is fully 
paid by the crop. Before the seed is sown it is often advisable to 
coat it with thick paste made of red lead and water, or to soak it in 
a solution of blue vitriol and then dry it,to lessen the danger of hav- 
ing it eaten by birds. 


PARTIAL SEEDING. 
STRIP METHOD. 


Sowing seed by the strip method reduces the amount of seed 
required for the whole area. Instead of sowing all the land the tract 
is gridironed by strips on which seed has been sown broadcast. The 
sown strips maybe 6 to 8 feet wide and separated by unsown strips 
of the same width. 
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SEED SPOTS. 


Sowing in seed spots consists of removing the sod or other cover 
and loosening up thesoilin spots about 15 inches in diameter, and as 
far apart each way as itis desired to space the future trees. Owing to 
the tenderness of young conifer seedlings during the first two years, 
there is always a high percentage of deaths among the seedlings in 
seed spots. The directions given for liming up men in making a 
plantation may be followed in this work. It requires nearly as much 
work to prepare the ground for the seed spot as to dig the hole for 
planting a tree. From 5 to 30 seeds should be planted in a spot, 
depending upon the species. The seeds should be coated or treated 
the same as for broadcast sowing. A few years later this field should 
be gone over, and wherever several plants are in a spot part should 
be removed and only the most promising one left. Those removed 
should be used to fill the spots where the seeds failed to grow. Three 
men, 2 of them making spots and 1 putting in the seeds, will plant 
3 acres per day. Allowing $1.75 per day for labor and $2.25 per 
pound for seeds, the initial cost of this work is $4 per acre, plus the 
labor needed in going over the field a second time, as described 
above. This makes the cost per acre by the seed-spot method nearly 
equal to planting transplants from a nursery. 

There are two modifications of the seed-spot method, as described 
above. The first consists of roughly breaking the surface of the soil 
where the seeds are to be sown, dropping a few seeds on the spot, and 
pressing them in with the foot. This differs from the regular method 
only in the fact that each spot is not carefully prepared, and hence 
the cost of the work is less. -The second variation consists in drop- 
ping a few seeds on unprepared ground and then covering them with 
a handful of soil. For convenience the soil may be carried in a bucket, 
and replenished from time to time. 


APPENDIX. 


TaBLeE I.—WNursery area required to produce 15,000 trees of various ages. 


Area, in square feet, re- 
quired fcr— 


Age of trees. 


Onecrop | ,comtiny. 

3 ona supply 
PRYORT-OlaISCCUMN ES = Sanne. clot Wane Stee oo Oe ee Wee ES sa x | 168 168 
STE GSE ERTL Se A oa a i a A a a ened ee 168 336 
3-year-old SSEASTUNT SUD a2 cc a lek gece 1,913 2,249 
Pe RE ABN CE CRPESPIE NS Se ryt Sk Ae wr Se 3 om et 3,825 | 7,986 


a One foot all around a 4’ x 12’ seed bed is allowed for path for each bed, making 36 square feet per seed 


bed in addition to its area. 
© The unit of area for transplant beds is a rectangle 6’ x 423’=255 square feet. This figure is used in com- 
puting transplant area. It is a 4’ x 40’ transplant bed with allowance in addition for one-half the width 


of paths, 14 feet on the ends, 1 foot on the sides. 


Tasie I1.—WNursery area necessary each year while a nursery is being started to produce 
15,000 three or four year old transplants annually. 


Square feet of nursery 
| Tequired annually to 


RT AE NIE GT Hy Uh i OF Se Pm 3 


produce— 
Year. 

3-year-old | 4-year-old 
transplants. transplants. 

2-l.a | 2-2.a 
te DS 5G cee Se See te ete gS Se ES nee aes Ae gee ee See ee 168 168 
(0 SLL spss sc s2gsn¢ Sas 5 ssce dese se Scce soe Sad 5 So 336 | 336 
2 DEEPER  e e e | 2,249 | 4,161 
SEED SE Rs ee a ne | | 7,986 


a The first figure indicates years in seed bed; the second figure, years in transplant bed. 


Tasie I11.—Number of trees of various ages that can be produced annually in a given 
sized nursery .4 


Number of trees annually produced in nursery. 


Age of trees. 
Area, one- | Area, one. Area, one- Area, 1 


eighth acre.| fourth acre. half acre. acre. 
4 | 
bon) L STE ie) eae a 240,000} 480, 000 | 960,000 fC) cree 
ee EU ATICHIEAES 2 oe = Sac 2 oes soe Sse Sse SLs 35, 000 | 70, 000 | 145,000 | 290, 000 
Wa EU PCTS HEEEES ED Ne 9,000 | 20, 000 | 40, 000 | 80, 000 


| | 
a No allowance made for a main road in the nursery. 


33 


‘ 
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TABLE IV.—Nursery area needed to produce different classes of trees sufficient to plant 10 


acres annually at various spacings. 


~ 


Nursery area, in square feet, required 
to 


produce trees for planting 10 


Number of acres annually. 
Spacing in plantation (feet). trees per 
acre. 
3-year-old | 4-year-old 
2-year-old = 
: transplants. transplants. 
seedlings. aa et — = 
cE US ed oa aes eae cde seca oe ee Sees ease 55sssee5 tes 2, 122 672 4,242 14, 952 
Ii O17 a RRS EI Cahn dh ab seal Oe RMT ay cate Re Ps 2 1,742 454 2,749 9, 634 
GoD yaGs ieee ie us Sets gs ee aoe ee ree 1,210 336 Pagal , 966 


a The first figure indicates years in seed bed; the second figure, years in transplant bed. 


TaBLE V.—Number of acres of plantation that can be made annually with different 


classes of trees produced in a nursery of one-half acre, when 
spacings. 


Number of 
trees that 
ean be 
raised. 


Classes of trees. 


the trees are set at various 


Area of plantation when 
trees are spaced— 


4by4 | 5by5 | 6 by 6 
feet (2,722 feet (1,742 feet (1,210 


| per acre).| per acre).| per acre). 
| | 
| 


Aerés., | Acres: Acres. 
P-VeuT=O0l seedlings taco tee eae see Poe mene eee cease 960,000 302 | 551 793 
p=Vear OLd-transplamises s2esac. 6 So yac snot eR eot sone eaten 145, 0C0 53.4 83 119 
Myear-old transpluntsece ss (2 Sosa eres eae Semen eee | 40,000 14 22 33 


TasLE VI.—Number of trees required to plant 1 acre using rectangular method of spacing. 


TABLE V 


Number of trees when distance apart in the row is— | 


Distance 
between 
the Tows.| 4 feet. 5 feet. 6 feet. 7 feet. 8 feet. 
| 
Feet. | | 
4 2,722 
5 2,178 1,742 
6 1,815 1,452 1,210 
ti 1,556 1,244 1,037 888 
8 1,361 1,089 907 777 680 


II.—Amount of seed of various kinds required to sow one seed bed (48 square 


feet to produce 7,500 seedlings) and the amount to collect or purchase in order to raise 


a given number of seedlings.4 
Amount ofseed to raise— 
Species. | | 

7,500 | 37,500 | 75,000 

trees. | trees. |. trees. 

Ozs. Lbs. | Lbs. 
WVEEVTEG POLI aon re hawk hs a icy SNe Ei ea or A Re ee A 10 34 64 
TREGH PIMOS So SR eS EL a its aN AUS BE tat eae fe Wee ls ore ER ee pena ie Pre pe 6 2 | 33 

SCOTCH POUT esc os pe elem way aay eee ca oy So ME 8 2k 5 
PILCHHPIMe sa = Secs ee os eS PO RE oes Boa eae tanh ae eine Uae ee 10 | 32 64 
Jacks DING! = 5 see ee BE eee BS ots ld et nes Ean SEO OMA RO 6 2 3 

IN OL Wai iSDIUGCC se fe oie ere ad ee eat yn ea Ee IRE Ea eee OE 8 23) 5 
Red Spruce: i 2h eres beeen tek 6 io ne Os ctr ed Ba oe eR 6 2°] 3} 

WHITES STUER a Sage ret tes RY orc he ae gh eR 8 23 5 
Muropean langle oe ole eo eee aeons ele peer LSGEEE a4. 4 we oes 16 | 5 | 10 

Balsam. 2p shoo eee ee eee dara ato ies iow eee a ate lets ake ee 12 4 | 8 
PATOL so Se cee AS SI Erie nce Oe eo ene Siesta cee Se ee 6 | 2 | 22 

Hemlock. 25 42 sists oe he ee a ee Se 9 Se Se ee et ee ree 8 2) 5 


a These figures are for good seed. Ifthe seed has poor germination per cent, a greater quantity toa 
bed must be sown, according to the percentage of bad seed. 


et ee eee Say 2 
Pa ota A 


APPENDIX. 3D 


; Tasre VIII.— Number of seeds per pound and average germination per cent of fresh seed. 


aed ‘ | Average 
Bax. number | 
of seeds | eis pa 
Species. | (nedium = : 
= ion (per 
| weight) cent) 
Deas - 
- | pound.a — 
| 
Ne eG ac Sk A aR ee TPE: a te Mi SPCUR rg | 30,000 60to70 
SPU CEL Ss 22) Sees - S2e ease eee Bae a is Bee ae oS eee ako ee 80,000 70 to 80 
Scotch pine.....--. Zar See See Sere 3S ese a eS te NON areas Sate eure a hao: 70,000, 60to80 
WEES DEES S2 Se coc be Se See ae sgee oo Snare Sige eer et Se en 90,000 60to80 
I ED TI se SSR E Sa ea el a eS a I a 50,000  65to85 
{ Norway spruce.....- Ea pS ee es et RIS et as pn Se ee OE a 65,000 | 60to70 
{ SEE SPREE ON, SR i a Sea ge 120,000 65 to 80 
OT DET PENT PTs TES 2k Sn aoe SEIS SR a ee eA I ee SS yg ep ee es 100,000 | 60to70 
. peasy ARETE rae Sd eee ee cet ee en ee eae 175,000) - 50 to 60 
RE LETe ee  S N ee 2 ee es BUN et eh 50,000 35 to 60 
2B LETCELT SEE Oo oe Bal US eg RI RR Pee ND erg te eer ee Nad Patong ah Le ey ena Dol 80,000 35 to 65 
. wee) TIPE TBn/s Sa 2 i eile rate Sakis A rel, See ie ena Re | 175,000 60 to 70 
. a The number of seeds per pound will vary with thecrop. Thiscan be readily understood since a bushel 
| - of white pine seeds will vary in weight from only 30 pounds when seeds are poor to as high as 40 pounds 
, when seeds are very suout- 
: 


TasBLe I[X.— Market price of seeds and local cost of collecting in quantity, not SCALING 
e | permanent equipment. 


| Average 


Dp | 

4 - market | *208¢ 0 fmar- | Cost of col- 

Species. ‘price per | ket pute per | lecting. 

: | pound. Pee | 
VSR Gare eee eee ne sae se ow eee eaeees $2.25 | $1.40 to $4.00 | $0.60 to $2.5 
EEC IEICE: eee ye en ae eee 1 RT oe scwecten 7-00 | 6.00 to 7.50 | 2.40to 6.20 
PILE SUT EA Sat a en a gee ee ee eee ee ees 2.50 | 1.20to 3.00; 1.10to 1.65 
PEG ato LT CMRP en eS re oe emi etme er Mee Pie wae A ae te a As SAS S00 |lste 2a bOr ew. Wem soa eee 
EGE ENING. cate Se. fee ee Oe sa Se aero AE ORG LOO NCO eae | ae oe ete Be we 
EUS Dees Se A oe ey ee 4.50 3.00 to 7.00 -90to 1.50 
CURE FE Sig CD Se SRS ey ee op een em tage ne ee eae a 3.50 | 1.20to 4.50) 1.45to 2.20 
Mianwyspedce ss Ae ed oe Soe tere | SSir |i SOU O N20 [Poe coe 
TECUROY OD 5 3 ee Becca Sarpeehiy  Mne Oe AU penn eth ee ae cee ee 1-45 | 1.00 to: 2.25 -90 to 1.50 
BUEDOE NG: goo eee ok Se Be NS ee a Ee 2.05 | 1.50 to 3.00 -90 to 1.80 
TE POT CLS 2 SSE ee Soe re a St eae re eee 3.7) | 2.75to 4.50 | 2-.00to 3.20 
ws EERSTE SSPE, PNW el Bee 5 ee ee eee ee ee Hee Tso S000. 50: oo ee 


TABLE X.—Cost of raising nursery stock in quantity for forest planting (based on growing 


a 500,000 trees annually) .@ 
3 : Cost per 1,000 to raise— 
Species. 2 re 4_es 
zyearod | *Feerold | ¢year-ld 
| seedlings. ¢ 
= plants. plants. 
Ee ee gt AY ean! Se ee $1.29 $3. 19 $3. 69 
he a's eee ck Se ee Eee ie ee nN eee ee 1.45 3. 39 3.85 
esa OS ee ye ney ee is Sane wR aS See oS 123 apl3 3. 63 
wae Se ce eee te See Se a 1.30 | 3. 20 3.7 
wh ote aL SE Be ee es ae ee a ee 127 3.17 3. 67 
| OS SLL Pd ee ees 1.16 3.06 3.56 
Er CN ree he Me Ss Rn heen sec ee eee 1.33 3223 | 3.73 
apreece US SESS eee eee ees 1.34 | 3. 24 3.7 
chars dnt = EER aie ee crea 1.26 | 3.16 | 3. 66 
coe Bhs win See Se SE rr oe lige! ui 3. 61 
1.25 3-15 3.65 
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Tanie XI.—Cost per acre of making plantations with various-aged nursery-grown trees 
when they are set at various spacings.% * 


Species. 


White pines. ck <a ec 


REC PDING se sees scot se se 
MCOICHapIDCs oe ea se oe 
itC hyper. aoe Se ee 
MACK PIC -e ere ek oo sees 
Norway spruce.........-.--- 


HUedISpruce jee. SS sees = 


VINES PENCE TS sees cee 
muropeen lareh=2. 4.22252... 
PAT DORVGceS = Sere. eas sel see 
BAIS Soe ae ctscice sete weet 


Total average costa per acre of raising and planting— 


2-year-old seedlings 


spaced— 

! 
4by 4| 5by5| 6 by6 
feet. feet. feet. 
$11.68 | $7.47} $5.19 
TAS Ve Tiers 5. 38 
Wil She ve Syl 5.12 
Pie On; = ea49 5. 20 
11.62 | 7.44 5.17 
bP PGR 5.03 
1B Sys le ea 5. 24 
11. 81 7. 56 2D 
11.60 | 7.42 5.16 
EA Gaeadeco 5. 09 
Tian ae 5. 14 


3-year-old transplants | 


spaced— 

4by 4| 5by 5| 6 by6 
feet. feet. feet. 

$19. 30 | $12.35 | $8.58 
19.74 |} 12.63 8.77 
19.14 | 12.25 8. 51 
1G) SS) 1 BABY) 8. 59 
19:24} 12.32 8.55 
18.95 | 12.12 8. 42 
19.41 | 12.42 8.63 
19.43 | 12.44 8. 64 
19.22 | 12.30 8. 54 
19.08 | 12.21 8. 48 
19.20} 12.28 8.53 


| 
| 
| 
| 


4-year-old transplants 


spaced— 
4by4| 5by 5| 6 by 6 
feet. feet. feet 
| 
$22.57 | $14.44 $10.03 
23.00 | 14.72 10. 22 
22.40 | 14.34 9. 96 
22.59 | 14.46 10. 04 
Pas Wan ee: 3 10. 01 
222i Laeot 9. 87 
OPA O\| TERE 10. 08 
22.(0 | 14.53 10. 09 
22.48 | 14.29 9. 99 
22.35} 14.30 9. 93 
22.46 | 14.37 9. 98 


a No allowance is made for the cost of transportation of trees from nursery to planting site, because this 
js too variable a charge to figure. 
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